In alpine skiing, knee injuries show marked sex differences, as female recreational skiers have a twofold greater incidence of knee injuries and a threefold higher anterior cruciate ligament ͑ACL͒ injury risk than male skiers. General preventive recommendations to reduce the incidence of ski injuries include avoiding fatigue. However, no study has yet examined to which extent ACL injuries in female recreational skiers are related to perceived fatigue. Therefore, 68 ACL injured female skiers and 136 matched controls were interviewed about skiing time and perception of fatigue in legs and the whole body at the time point of accident and questioning, respectively. In addition, skiing ability, self estimated fitness level, quantity and quality of breaks per run, sleeping quality, and group skiing and skill level of group members have been recorded. Patients and controls differ significantly regarding the duration of skiing as about 81 % of ACL injuries occurred within the first 3 h ͑odds ratioϭ4.4; PϽ0.001͒. In patients about 71 % and in controls about 27 % felt no fatigue or a trace of fatigue in their legs at the time of injury and questioning, respectively ͑PϽ0.001͒ . No other factors showed a significant difference. Therefore, fatigue seems no major risk factor for an ACL injury in female recreational skiing.
Introduction
In alpine skiing, the knee joint represents the dominant anatomical location of injuries. Current data show that injuries to the knee joint account for one-third of all injuries to adult skiers ͓1,2͔. Approximately 50 % of serious knee injuries in alpine skiing affect the anterior cruciate ligament ͑ACL͒ ͓3,4͔. Johnson et al. ͓5, 6͔ reported that the ACL is injured in about 20 % of all skiing injuries. There are marked sex differences concerning the knee injury rates. About one-third of injured males and 50 % of injured females suffer from a knee injury in recreational alpine skiing ͓2,7,8͔. Regarding ACL injuries, recreational female skiers are 2.4-3.3 times more likely to injure their ACL than their male counterparts ͓9-11͔. The causes for these differences may be related to differences in anatomical, neuromuscular, and hormonal factors ͓12-14͔. Therefore, the evaluation of risk factors for ACL injury in relation to gender is of utmost importance.
In alpine skiing, fatigue seems often related to injuries because the majority of skiing injuries occurs in the afternoon and evening ͓15,16͔. Thus, general preventive recommendations for alpine skiing include stopping skiing before fatigue becomes the limiting factor ͓17,18͔. However, the influence of fatigue in ski injuries remains equivocal because female skiers with knee injuries had more injuries in the morning hours ͑before noon͒ than female skiers with non-knee injuries ͓8͔. In addition, 70 % of lower extremity-injured skiers were skiing for 2 h or less at the time of accident ͓19͔. No study has yet determined if fatigue is a major risk factor for ACL injuries in alpine skiing. Therefore, the objective of this study was to investigate whether ACL injuries are related to perceived fatigue in female skiers.
Methods

Patients
This study was conducted as a case-control study in the Winter season 2007/2008 in an Austrian ski clinic. Inclusion criteria were non-contact ACL injury. Magnetic resonance imaging was used for the diagnosis of ACL injury. A total of 68 ACL injured female recreational skiers volunteered for this study. More than 90 % of invited subjects agreed to participate. Informed consent was obtained from all subjects prior to the beginning of this research. The study was performed in conformity with the ethical standards of the 1975 Declaration of Helsinki.
Controls
Uninjured female skiers were randomly selected in the same ski area on five different days over a period of 2 months in the 2007/2008 Winter season. Persons were invited to participate in this study as controls. 136 controls were randomly matched to the subjects with regard to age and skill level. Control subjects have been recruited after lunch time and at the late afternoon when most skiing injuries occur.
Questionnaire
For all participating patients within 2 days after the occurrence of injury, a physician from the ski clinic recorded information on age, height and weight, day of the ski trip when injury occurred, skiing ability, self estimated fitness level, duration of skiing, perception of local and overall fatigue, quantity and quality of breaks per run, sleep quality the night before, whether they skied in a group, and finally information on the skill level of group members. The same questionnaire was used for controls.
Skiing ability was classified into four categories termed expert ͑racer and ski instructor͒, advanced ͑able to ski any run in any condition͒, intermediate ͑ski on medium runs under good conditions; have difficulties controlling skis under poorly groomed runs or in bad weather͒, or beginner ͑ski only easy runs, which are well groomed͒ according to the study by Sulheim et al. ͓20͔. Self estimated physical fitness level ͑very good-good-average-poor-very poor͒ was recorded according to Urabe et al. ͓21͔ . The duration of skiing was divided into less than 1, 1-3, 3-5, and more than 5 h. The perception of local fatigue in legs and overall fatigue of the whole body was scored as one of five levels on the Likert scale: No fatigue-a trace of fatigue-slightly tired-tired-very tired. Additionally, we recorded the average number of breaks per run ͑none, 1-3, 3-5, and Ͼ5 breaks per run͒, whether participants felt that length and number per run was enough for them ͑definitely-probably-sometimes-probably not-definitely not͒, and whether participants got enough sleep the night before ͑definitely-probably-sometimes-probably not-definitely not͒. Finally, participants were asked if they skied in a group and how they estimate the skill level of their group members in relation to their own skill level ͑much better-better-about the same-worse-much worse͒.
Statistics
Unpaired t-tests and Mann-Withney-U-test, as appropriate, were used to compare subjects and controls with regard to age, height, weight, and body mass index ͑BMI͒. Chi-square tests were used to assess different frequencies between groups with regard to skiing ability, self estimated fitness level, duration of skiing, perception of local and overall fatigue, quantity and quality of breaks per run, sleep quality, group skiing, and skill level of group. All P-values were two-tailed, and values less than 0.05 were considered to indicate statistical significance.
Results
Distributions of demographic data of the two groups are presented in Table 1 . Patients were significantly smaller, heavier, and had a higher BMI than controls ͑P Ͻ 0.04͒. No significant differences were seen with regard to age, skiing ability, and self estimated fitness level ͑P Ͼ 0.05͒. About 45 % of ACL injuries occurred within the first 2 days of the ski week. In total, 57 patients were on a multi day ski trip and two patients on a single day ski trip, while nine patients did not reply to this question. Skiing duration and perception of local and overall fatigue are presented in Table 2 . Patients and controls differ significantly regarding the duration of skiing ͑P Ͻ 0.001͒. 25 % percent of cases skied less than 1 h, and about 81 % of ACL injuries occurred within the first 3 h. Comparing patients and controls with regard to skiing less and more than 3 h ͑Fig. 1͒, there was a significant difference ͑chi-square = 29.2 and P Ͻ 0.001͒. An odds ratio ͑OR͒ of 4.4 ͑95 % confidence interval: 2.2-8.7͒ was calculated.
In patients about 71 % and in controls about 27 % felt no fatigue or a trace of fatigue in their legs at the time of injury and questioning, respectively ͑P Ͻ 0.001, Fig. 2͒ . The perception of the overall fatigue showed a similar result ͑P Ͻ 0.001͒. A positive correlation ͑r = 0.437 and P Ͻ 0.001͒ between skiing time and perceived local fatigue was found for all skiers ͑Fig. 3͒.
Patients and controls did not differ significantly within quantity and quality of breaks per run, sleeping quality, and group skiing and skill level of group members ͑P Ͼ 0.05, Table 3͒ .
Discussion
The main findings of this study are a fourfold higher risk for an ACL injury within the first 3 h of skiing and a low proportion of perceived fatigue in ACL injured female skiers.
Fatigue is often associated with injury in alpine skiing because studies showed that most skiing injuries occur in the afternoon and evening ͓15,16͔. However, the time of day does not provide information about the time period of skiing until the injury occurred. Figure 4 shows the distribution of time points of ACL injury in this study. In total, 60 % of patients injured their knee before 2 p.m. Additionally, about 81 % of patients skied less than 3 h. Therefore, knee injuries occurring in the late afternoon may not be fatigue induced. In addition, our result is well in accordance with the study by Ungerholm et al. ͓19͔ where 70 % of lower extremity-injured skiers were skiing for 2 h or less at the time of accident. In addition, other studies reported that the skiing time before injury occurred averages 2-3 h ͓16,22,23͔. Langran and Selvaraj ͓24͔ showed that 32 % and 74 % of injured skiers skied less than 2 and 4 h, respectively. In addition, our results show that for female skiers, the probability to sustain an ACL injury is fourfold higher within the first 3 h of skiing. While in controls nearly an equal distribution of skiing less or more than 3 h was seen, only 19 % of patients skied more than 3 h until the occurrence of injury ͑Fig. 1͒. To avoid fatigue related injuries, it seems important for skiers to perceive their local fatigue in legs and the overall fatigue of the whole body. Fatigue is related to skiing time because we found a positive relationship ͑r = 0.437 and P Ͻ 0.001͒ between skiing time and perceived local fatigue for all skiers. However, about 71 % of ACL injured females felt no fatigue or a trace of fatigue in their legs at the time point of accident. Only 7 % of patients felt tired, and no one felt very tired when the injury occurred. In general, our result showed that ACL injured female skiers perceived significantly less local and overall fatigue than uninjured controls. This finding may probably due to the shorter time of skiing in injured females. Therefore, fatigue seems not related to ACL injury in female recreational skiers.
About 45 % and 78 % of ACL injuries occurred within the first 2 and 4 days of a ski trip, respectively. Aschauer et al. ͓25͔ reported a constant injury risk within the first 3 days of the ski week, which declines continuously later on. A potential effect of a cumulative fatigue cannot entirely excluded because Strojnik et al. ͓26͔ showed a decreased activation level during a maximal voluntary contraction ͑MVC͒ of quadriceps muscle on day 1 and day 4 during one-week tourist alpine skiing. In addition, Kahn et al. ͓27͔ reported that day 3 showed a significant decrease in MVC of knee extensors. Nygaard et al. ͓28͔ demonstrated a dramatic depletion of glycogen within the muscles during skiing that was not restored from day to day during the several day trips of a group of recreational skiers. In another study, subjects skied less on day 4 because of fatigue ͓29͔.
No other factor showed significant differences between patients and controls. A priori, according to Meyers et al. ͓30͔, we assumed that peer pressure could influence adolescent skiers to push their bounds beyond their physical capabilities when skiing in a group. However, no significant difference has been detected between patients and controls. Over 70 % of injured an uninjured females were skiing in a group, and more than 55 % skied in a group of the same skill level.
Regarding sleep quality, Bouter et al. ͓22͔ reported that injured skiers felt more rested and slept longer prior to the day of accident than uninjured controls. In this study, about 51 % of cases and 41 % of controls reported enough sleep the night before. However, this difference was not significant.
A limitation has to be considered. Controls have been questioned after lunch and the late afternoon because studies reported most skiing injuries occurring in the afternoon. However, it would have been more appropriate if controls would have been collected during the whole day, so they had ski about the same length of time as the patients when they were asked about fatigue. Therefore, for further case-control studies investigating the influence of fatigue on ski injuries, patients and controls should be also matched with regard to the time period ͑hours͒ of skiing.
In conclusion, fatigue was not related to ACL injuries in this cohort of female recreational skiers. Other intrinsic ͑e.g., previous knee injury and menstrual cycle phase͒ and extrinsic ͑equipment and environment͒ risk factors may play a more important role in ACL injury in female skiers than fatigue. 
